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Fig. 1  3-pipe shuttle-shaped steel latticed column cross section Fig. 2 The finite element model of 3-pipe

shuttle-shaped steed latticed column

2 A I

SCHRTS T2 4 M PR L AT T = A BT e M K 10 O S S P 5« 603 17 m i BRI R 1 R
BRI 35 m FRIBREAY 1+ 2 BRI, P 17 m B AR 1 50 45 X A S0 ANSYS R A7 5
UE. 17 m B R i 10 40 AR B 4 ©325% 20,6 He B BT T M 30 mm. [HIBE 2 000 mm . 40 b
¥yl Q35BS I AR E Y 338 N/mm? WA 52 U AR B 328 N/mm”

RS A b e — B A ISR L

o] B B R LM L/500 (L T MR RO R K B> T T
R HAE e, A1 BROG S BT 70 8 00 R OB 1 (RSB ARRY T / T~
AL R RS R T 3 A ROTH SR E b / -~
RN 12 985 kNIRRT 400 13 125 KNG 5 |/

L5 GE R 98. 990, B oY B HLAT R — B 5|

RERS 2R R RS — BRI ). W &5l GEm T & 0]

AR FIR AR TR A R 2000

3 WM WA LI - N I

SER TR EAUE L R i B HIEE B3 REBMEGTR @ Tk E
JiE 1123 A AR T AL B R AR AR T A3 M A S AL L M R il fr 2% Fiee 3 Load-axial deformation curve of column
SR T BAR SRR Y e KORE ) FIAE F I EE A BB EAS .
B AT Ry 7 A8 T 1 B A 56 Al B AR D0 R TS5 A R R R R T I . S e AR S A R D
G LRI B 1 2 AR TE N5 AT — 2 i AR et R o i
3.1 BHES

R TS R A AR I RUSE VR R i 1) AR R M AR A AR SO A A SR AT K AN B R HE S SUARTE AT
MR AL A, =L /4, o 4, g FE 85 vp fie B0 A [l 7 o 4%



54 W BR T 5 - 25 VS B B L9 TR T = 8 TR A 1 AL ) A 2 PEAT AT 459

5 T A TG T 725 A5 1 25 0 2 o Sk 10 93 4 0 6 /1 » T O 1 00 1 i o
S 85/ 0 S 6 T 1 L 75 O FE 0 B 0 O 30 B ) 50 2 A 275 1 . 35 0 B B 25 e S 08
R 0 B A 90 00 258 T R LA 5 9 B S

B T K40 (A, = 26 43, = 73) 4 T M RE 70 160 987 280002 P L% 08— 52 %2 A6 6 3 24 S ) i
Fy — I 45 22 0 RIS P T 3 <SP R C T B 4 . 5% 30 24 o O 5 /Nt
KATEE A, =26 H6 H b 19— B A28 5 SR S™ T 7 KA B A, = 73 RS B — I 4825 22 x4
SO 35 SCHRT L L2985 H A0 (508 2 i 7 80 1 T 6 0 0 1 99 45— B0, 4 b G
B TR BRI 3 KA G A, = 26 S F RE R — B B 25 52 R X0 BRI+ K2 B A, =73 10 46 44 R
I A S S KRR C I ph A B T R 5 4 ok RO JE R 4 s T — I g
Fy 35 75 T 2 8 78 4 1) R T 7 1605 30 » 005 9 I I %
B SR 1 % S R T 2% 5 . 3 o g 2 R 4% o 75 2k
R 00 S % T 19 S ) K 40 i R — 9
S ) J2 I T T A 7 25 0 B 0 5 0 O 4 75 A
HERE. 75 ST T B AR I B A OO
P T R EL A 52 50 1 025 O JEE A 9 0 9 BB 5 4 9 ) 5
P 0 B s — B B 5 95 < S7 I » 2 W1 B T R EL AT 5 R
075 B P 5 55 600 5

KA L A, R R 25 B 1 25— BT 5 A
BN 07 B K 75 i 7 T 6 A FE AN L 9 ) 25
F) B 0 1 TR X8 — B0 B 25 16 7T 6 B R 2 [ “C7 A4 —HaRRERS

. Fig. 4 The first-order elastic buckling mode
W % .

3T T A8 T 07 45 7 ) 4900 ) S S A0 0 8 —
B 3 5 R — S o LI A0 O 2, I 0 o (2 98 I 9 7 1 J L
B 2 T 22 = B D I e i RS — % T 0 o 9 B 75— % (K A
3.2 SRR M IR B B B I

2 IR TR T T R 4 D 9 SR R P80 R o 3R 5 A . AL L BR Y e S e
S5 A et P SORE G A9 = A~ 30 11 o1 A B ABRE G A8 30, (R 52 B 0 o it T R 45 7 0 47 16 » 3K
T 7 2 AR AR — 5 R B 2. TR0 2 5 0 5 S BN L SRR S F 203K TR R 19 = A 3
1 B A ) o AL ST o R 26 5 B T 8 5 1 8 307 1 — 5 243K

TS 4 B R S A0 BT o 40 300 R 24008 26 P 3 4 . 1)
5 W T A IR S 5 3 24 ok R E X B [ 40 He (R, = 2604, = sl
73) T A MR 10— I S e 47 210 B 00 Q, S i B/ R T A
B R R AR 3R ST . Q, = A £ IWIEL S BT AR % TR 40 e A, = 26 ],,2-2-
FY T R 25 R R 8 3 24 SR JE ML 0 31 8 X 10° kN » mm 4§
5 Q, HIH B35 15% %t T4 41 He A, =73 19 B2 B KE + B G 24
SR 0 8K T 8510 kN » m,Q, MUK B Y 7% . 1D 20l

(a) Modell (A,=26) (b) Model2 (A,=73)

—=—modell A,=26
—e—model2 A,=73

0,/0

2.1F

1 N 1 N 1 J
2 4 6 8

PR TV AR i A Xk S e 21y 249 o 149 55 W) A Sy SRR 7 43 BT IR T A A SRR (10 000 kN-mirad )

‘ﬁﬁﬁﬂﬂﬂ%)ﬁ/ﬁ\ﬁﬁﬂﬁ;2)%%@%@_&2]}1%5%ﬁvi@ﬁé"]ﬁﬁﬁ B 5 % B RA N

gﬁlﬁk@ mﬂﬁﬁﬂ@ﬁ%l‘l{/ﬁﬁﬁ@{ﬁ%{& Fig. 5 The influence of bearing
o S stiffness constraint

4 REMRARS

LA ANSY'S E A2 23 M- 65 0 6F 25 18 T 328 e 2l W BE 19 =8 s I A 1) A e AR 3Ot AT T B8 &
GERYBIT ST BIF T 0 FH K B8 BE B Ak B, 25 08 1 L AT dake B 4 A T2 XA P 75 1) R ke I (L % SR I Y
S o3 B PR T Mises S i DU B4k DRy 0E 1 45 1) i AL



460 [T S A SN O B SCE Y oY %45 %

4.1 ZEERIEE M

TE LA R E AR B IT AR LA 73 A T 0 LAy e o 1) 52 i 20 T 2. L — B L e A 2 A D 0 4
BB 119 43 A 2 Gt B R (1 JBCRE Bl 2 K BE 19 1/500, 1 B 1A A B 4% I ) 114 5 e 5 A5 ) e L AT Bk B
UL BRI S T Sl W BE X = A AR T R A AR TR A ) 1 R

KALE A, =26 (BRIEAR A AL o A AR B2 I 1 b ) 7 2010 P A9 — v 560 P Je b 6285 2 B 14
“STIE MRS RE AR AR Q./ Q. (FaRE AR TT Q.5 I /ME S BRI /R 2 1) Q, Z ) o 1. 030 AE& 1wl LI
B L Bl AR B S 20 A BE I 0 (AL B4 39 SR 31 70X 10" KN« ms B ] A A A 1 A RE 7R 3000 &R B
103 39K 1. 22 3 K UEAE A 1806+ AT L 57 &% Bl 2 A X =48 W B A% A A RS S 7R 37 52 M A
3 I AR AR T I IO 7 0 S e e Bl 24 R A A

R AR 3T R EE X A8 RE AR PR AR E O B R0

Tab.1 The influence of bearing stiffness on the stability limit bearing capacity of column

3 W (104 kN » m) 0 0.5 1.0 2.0 3.0 1.0 5.0 6.0 7.0 oc
Q./Q, 1. 03 1.08 1.11 1.15 1.18 1. 19 1. 20 1.21 1.22 1.28

T 0— Bodle s o0 — W&,

4.2 WBILARBERF M

b2 T R R TG SR P 5 Rl 2 T B AR AT LA MR A 7 1 A A 7 16 2 A ) L 4E S
i 24 SR LA T B 7 1 DR M 2 0 R B A T 7 1 % 1 X
JEE 249 SR AR R AR TS A 119 5% . -

R A i 20T T 2R B TR A i ot A s R kg B LA LR 22 B PR
U 2 G R 0 T I B AR B L LA — B L B RS O 75 74D\
B 75 A B2 9200 8 LA BRIG A AT KA Ll A, =26 RIBAE— i ;
P RS ST B B B K 40 L A, = 73 B AL i — B i il R S
“CIE BB 430 5 x B 07,307,607, 90°,120°,150°,180°,210°, 240°,
270°.300° 330°If CHI AL 6 FF 71 ) » 58 40 7 42 T A% #4119 R s 7 48 0
0 s e o 10 95— B R K Y 1/500. AR 4 (R 780 57 B R 45 ) (GB/ T
17955-2000) H X 32 BE BT #E 3 DA ML E  HEIE FE S AR RIE R — I B 6 wkhpF o~ d
500 kN o m, {5 B4 G 307 148 v (& 6). 3 2 245 T 20 M 5 3 i ) Fig. 6 The direction of
U TLART B B S () 7 160 B e AR R BB QL/ Q. initial imperfection

R 2 YIIAEREETT A BRI

Tab. 2 The influerce of the direction of initial imperfection

3307

N W) h Sk B AR 7 )
0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330°
26 1.07 1. 14 1.19 1. 24 1.18 1.08 1.07 1.12 1. 20 1.25 1.06 1.09

73 1. 29 1. 19 1.13 1. 24 1.29 1.18 1. 08 1. 21 1.31 1. 24 1.13 1.18

12 2 0] DU Y 25 PEORE IR S0 )38 B sh 20 A S 0 6 R B R D 1) 8 R A F) A A 7R 300 1 32
M 252 RS AR 1) 05 3 W (L AR TR A 0 R S T B 5 77 1) 194 R 7R 280 013 =2 [) ) 22 B e RT3k 16 6 L L.
DRI 72 52 B TR R T B4R T A AL A 1) 5 7R 28 7 Ik IO AR 3 A R S 138 19 T 35 R 90 B ke B 1149 AR 1
7 1) k20 3 A AT R A 2 RS AR e Bl 2 A IS SR8 B 8l 24 SRS 14 5 1) A it B A ) B AR 1)

Xt i A T g RS O ST AR T A A AT L 490 e L AR RS 194 i A M) 5 1 SOkt B, EL A T S
JAE 5% 2y D JRE 52 583 ) SF- THT 49 4R X T A, =26 BRIB AL L 075 [l R 180°J7 1) 249 Ay ikt s A M) 5 1) (L 3% 2D %
— v A i RS2 D CI R A M R T SRR 20 I A 52 T 1 00 A JL AR B B A O 1 B R A
AL XE A, =73 BRICAE T W18k JLAT SRS P HIAE 6071807, 300° 5 [ I A3 A2 AR 48 1 28 B8 /0N » JUH R R B
AR5 180 57 A DR 5 30 1 8 2 s ) T MY I R 7R 2000 R Bt/ s LB 1. 08 L% 2. e 20 A el 60 il T30



54 W BR T 5 - 25 VS B B L9 TR T = 8 TR A 1 AL ) A 2 PEAT AT 461

Ui JLART BB A7 AE B0 T AR T A A A 1 488 i T2 bR, A B AR O 1 = 1 T 174 A T A8 A B0 = ff 0, S s
BT I BT W BE AR AR AR HLBIBE T ) 5 AR 0 I AN A A7 S B X6 AT 2 ) B 1 55 B ™ L.
4.3 M ILTERRE S T AR {E AU 220

% AR R SRR 1 B s A (R | \\\\\*\\\\\
i I 4 R R AR 0 B0 X0 PR R A L T A M 4 .
S|BS90 6 < X B ST A6 B OV ke iR
W 1 43 S B 0, =L /1 000,L/500,1L/400,1/300,L/200(L MR o T
i R 002 K 6. B 0 P 97 o 24 B R A 1. ”EQQ;;;QEEEE
7 A 8 e JLA BB 4 A T 2 R A Rk R

—*—1,=73C &
EARBR AR, mE 7 IS B E S REIEIE N L/1 000 3K 08 000 Lisoo Lo Loo  Lpoo

% L/200, QIR BERE ik 17 % LA L . DB R T 4G M AL X P60 — B il
SO 00 B R S TR P B AR B O TR RN @ 7 amds LTS
VI T AT Bl 4 0. 0 5+ Q. ) B ke B 1) 4% 7 T 3 5 5 A O, 24 X 1A 60 Y

00 4 BB B 43 A TE 205 — B sbE i i AR A — 2 RTEAR A B Fig.7 The distribution form and
AR BR AR 2R J7. R, 43 B B 7 3 25 i — i e S S R B A amplitude of initial imperfection
AT 2O R B A A8 A 2 AR 3 7 1Y 52

PRIEHE () Fe KRB 28 A 3 Fh (1 8). U AR T AE 19— B Ji f A 285 o
“CPTEET (X, =T73)  “CTERI AR T UAAT S B 0 42 T A 1) B e 7K 28 07 5% Wl e R L%
I N “CMIE (] 8c) ot T HE 54 B Y FRE M+ e FCHR 8 A0 B s 18] Ak TR RS 51
I ISP ) A IR A R 2 ) B A HAS E R AR ) R Q. /Q, = 1. 23 CBRFG IR (B L/
500). “S”IEWI UG BRFEXT Q. 52 MR HL A A A, X BRI R AE 3L/ N (L/1000) 12 TE
FE R B SRR X T AR AR ST FR (1 C T (I 8b) 5 24 e o i (L 45 KBS (L/500) o 4
TERE BB FE A S7IE (] 8a) , L HT ) e AR 28 ) R 8k 1. 35, Bl i =
T [l (A B C7 T Bl i e e AR 28 . X — W Ji LS R SYTE R TE A (A,
=26) ,“S”IEI Uk TLAAT B R AR AR 2K ) 5 e dR K IS S < ST IR (]
8a) o T AL IR Bl 29 T 1) 52 ) B 58 J3E R A P 0 0 P T 2 B0t e e 4k L £
RERZEQ./Q, = 1. 25 (BRFAIRAE A L/500) 5 24 CIEHI b JLAn] B e 1) i 18
BRI RIEAT I IR S 2 56 728 S C (BT 8c) B B K478 JBE o7 ' 2 i 1) A T 5
5| AW/ C B b TUART 5 B s AR JE AT A B SRR ST SR S7IE  HAR
ANKERR s e e BE A B8 A0 5 30 A T A 2~ DB i 0 Ak

5 # #

i 2o A T i 23 BT R RO AR TR [ SR R o A RGEBETE T B B R L Bh A R = A RIE A R R Y
R VERE » EEWETT 1 SCIRERE S NI BE A te JLART ke 5 Xk A8 1R B A B2 0, A 31 LR 204598 . (D) B B AT
JEG SR e 8l 249 KA P B AR TR M R R 18— 90 e RS2 D S7TE AN C7IE BRI 2 HLBE 6 1 i e 3 249 SRR
JEE FRY38 OR» — I Je b 285 1) S X R D 1) A . LS T B AR5 B T R R I L R IE A B I B CIE B R
JoEk PG5 s 0 25 2 A L e 5 T B2 5 I AR B A T 5 R IR ST B i pb R . (2D 2 BB R S e
SRR BRI AL X400 f JUART S o 1) A D77 1) 25 D S0 5 LR R 7R 28070 I i 25 RE A0 4 T L Al Bk
{14 Foe AN R o). 25900 4 U Awf Bk e 19 A 7 1) 52 7 R DI S8 B 5l 24 o A 5 1) THT A I Sy HC B S R
1] (3) R IE A H A ok 200 ity JLART ikt 114 70 A1 T2 20 L 65 O B0 244 00 A 78 55— o i e ol A 2 —
BUN L 2 E AR B/ BRI UG TLAT Bk B 2 3 PR IR R B A AR 8 R )

(b) (e)

B8 =ZFRBEM
A0 Z AP BORAR X
Fig. 8 Three failure modes

of the column

S Z 3@k References

(1] 2 5.2k, BRE MR, 12 T8 R A AL s 1l il P RE (). s R4S M 2241 . 2002, 23(5) - 18-24.



462 ook o# RORE R o MARBREERD %45 %

LAN Yong, GUO Yan-lin, CHEN guo-dong. Elastic buckling behavior of shuttle-shape steel latticed column [J].
Journal of Building Structures, 2002, 23(5); 18-24.

(2] SBEMCREN. 2 5. ZERIE AT E R RRE IO [T ], dHA 24z, 2002,23(5) : 25-30.
GUO Yan-lin, CHEN guo-dong, LAN Yong. Ultimate load-carrying capacity of 3-pipe shuttle-shape steel column
[J]. Journal of Building Structures, 2002, 23(5): 25-30.

(3] 2= B, WEM.X %5 ZERIZ M R AR e i o 8] ], 5454 54, 2002, 23(5) :41-48.
LAN Yong, GUO Yan-lin, LIU Tao, et al. Experimental investigation to small-scale model of 3-pipe shuttle-shape
steel latticed column [J]. Journal of Building Structures, 2002, 23(5): 41-48.

(4] Sk, 22 5, @ B0 % ZERIENEEHEE RSB e s i s L) ] @ 5iai %4 . 2002,23(5) : 31-40.
GUO Yan-lin, LAN Yong, GAO Yu-feng. et al. Experimental investigation of the full scale 3-pipe shuttle-shape
steel latticed column [J]. Journal of Building Structures, 2002, 23(5): 31-40.

(5] SEEM A8 BLAR vk RIBFE R R PR BE S Bt Ty e pbge [0 ], Dol @ 5K, 2007, 37(7) 1 92-95.
GUO Yan-lin, DENG Ke, LIN Bing. Stability behavior and design of longitudinal shuttle-shaped column [J]. In-
dustrial Construction, 2007, 37(7). 92-95.

(6] H .8 BH. 1R, 5. 25 B A IR TE AR A A i AR et e[ ], R AR 534 1088 , 2010, 32(6) : 22-27.
TIAN Wei, ZHAO Yang, XIANG Xin-an, et al. Stability behavior of shuttle-shaped steel lattice columns with ben-
ding moment [J]. Journal of Civil, Architectural & Environmental Engineering, 2010, 32(6) . 22-27.

(7] W M B & B 55 5 A A TR T B ks 4 A e AR O AR R PR BROC A BT LT ). SR 45 H 2 4 , 2010,
31(5) :42-48.
TIAN Wei, XIANG Xin-an, ZHAO Yang, et al. Nonlinear FEA of stability bearing capacity of shuttle-shaped steel
lattice columns with benging moment [J]. Journal of Building Structures, 2010, 31(5): 42-48.

(8] MBI, BB A5, b it S th 1o Al A2 1 T 90 7 A 4 R B0 I 5 BUE AT LT D, 45 4 . 201040
(7):34-38.
WANG Xin-yi, TONG Le-wei, XIE En, et al. Experimental and numerical investigation on load-carrying capacity of lattice
tubular columns with variable cross sections of the Expo Axis [J]. Building Structure, 2010, 40(7) . 34-38.

(9] EREH . BA e P45 55 Bt LML b5 3 A6 2 ik, 1998,
WANG Guo-zhou, QU Fu-gian. Theory and design of steel structures [M]. Beijing Tsinghua University Press, 1998.

Research on stability of the 3-pipe shuttle-shaped steel
latticed column with end restraints

HAO Ji-ping , YUAN Chang-lu, ZHONG Wei-hui

(School of Civil Eng. , Xi'an Univ of Arch & Tech, Xi'an 710055, China)

Abstract; The stability behavior of the 3-pipe shuttle-shaped steel latticed column subject to axial compressive forces was
investigated theoretically through elastic buckling analysis and geometrically and materially nonlinear analysis considering
the effect of the end restraint moment at the column footing. The emphasis was on the effects of column footing rotational
restraint stiffness, the orientation and distribution pattern of initial geometric imperfections on the stability behavior of
shuttle-shaped steel latticed column. It was found that the first elastic buckling mode of shuttle-shaped steel latticed col-
umn considering the effect of the restraint moment involved S-shaped mode and C-shaped mode. It was also shown that
the orientation of initial geometric imperfection had obvious influence on the stability bearing capacity of the column with
the consideration of the restraint moment. The stability bearing capacity was sensitive to the imperfection distribution pat-
tern, which was minimum when it was consistent to the first elastic buckling mode.

Key words: shuttle-shaped steel lattice column ; restraint moment ; initial imper fection ; stability behavior
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